surgical complications were transient intercostal neural gia (six patients) and atelectasis (five patients). The most common laparoscopic complication was bone graft donor site infection (two patients). There were two endoscopic cases that were converted to open proce dures, one for extensive pleural adhesions and one for a common iliac vein laceration.
Conclusions. The endoscopic spinai approaches proved to be safe operative procedures in 100 consecu tive cases. There were no permanent iatrogenic neuro logic injuries and no deep spinal infections. [Key words: endoscopy, laparoscopy, thoracoscopy, VATS] Spine 199S;20: [1624] [1625] [1626] [1627] [1628] [1629] [1630] [1631] [1632] The goal of this preliminary study is to analyze the perioperative early complications of endoscopicsurgery to evaluate the feasibility of VATS^'^^'^^and laparo scopic surgical approaches.'®'^^'^^It is not the intent or goal of this study to evaluate the incidence of obtaining an endoscopic spinal fusion or to evaluatepostoperative instability because that requires 2 years or more fol low-up time. The present study is an article concerning complications,not an outcome study of an intervention.
• Materials and Methods This prospective multicenter study performed from 1990 to 1994 evaluates the early perioperative complications in the first 100 consecutive patients undergoing endoscopic spinal reconstructive procedures-78 video-assisted thoracic surgical (VATS) procedures from T3 to T12 and 22 laparoscopiclum bar instrumentation and fusion procedures.TTie VA*I3 proce dures were performed at one of three institutions-^The Scoli osis and Spine Center of Baltimore, Maryland, 20 patients; The Department of Orthopaedic Surgery, Kaiser Permanente, Sacramento, Califomia, 20 patients; and The Texas Back In stitute, Dallas, Texas, 38 patients. There were 22 laparoscopic-assisted lumbar fusion instrumentation proceduresper formed at one of four institutions-Scoliosis and SpineCenter, The distribution of endoscopic procedures is listed in Table  1 . The most common surgical procedure was a VATS for thoracic discectomy and spinal canal decompression, 41 pa tients. Therewere three majortypes of anterior procedures for release of deformities: anterior multiple level discectomies (usually six levels), 20 patients; anterior release for kyphosis, To date, the BAK device is an investigational device and is approved for IDE in several medical centers for anterior lap aroscopic insertion into the L4-5 and L5-S1 intervertebral disc spaces. There is a very strict protocol with specific indi cations, namely degenerative disc disease with neuroforaminal narrowing and radicuiopathy. Radiographic criteria are con cordant pain reproduction on discography and an abnormal magnetic resonance imaging. For inclusion into the BAK lap aroscopic study, the patient needs to fit a particular psycho logic profile, must not havehad a previously attemptedlumbar fusion, must not be a cigarette smoker, and needs to have internal disc disruption and collapse at either L4-5 or L5-S1.
The range in ages for the major groups of thoracoscopic and laparoscopic procedures followed the same trends as for their corresponding open procedures. The patients undergoing anterior release for scoliosis or kyphosis were the youngest, mean = 19.0 years (range, 2-44 years). The thoracoscopic discectomy patients were the next to youngest age group, mean = 41.4 years (range, 22-84 years). The patients under going corpectomy were older because six were performed for metastatic lesions causing incomplete neurologic deficits, mean = 51.9 years (range, 28-84 years). The patients under goinglaparoscopic lumbar procedures had a mean age of 40.6 years (range, 28-84 years). • Results
Video-Assisted Thorecic Surgery
The planned procedure was accomplished in all but one patient, who required conversion to an open procedure because of scarring from a previous costotransversectomy ( Table 2 ). The mean operative time was 2 hours, 34 minutes, (range, 45 minutes to 6 hours). Theaverage chest tube duration was 1.44 days (range, 0-3 days).
Forty-one of 78 (52.5%) patients were monitored in an intensive care unit (ICU) setting for the first night after surgery. There was an obvious institutional bias in this factor because in Baltimore the recovery room and the intensive care unitare a combined postoperative facility.
When this factor is discounted, the normalized incidence ofpostoperative ICU use was 19of58 (32.8%) patients undergoing VATS. The mean postoperative length of stay was 4.97 days (range, 2-21 days).
Laparescopic Lumbar Interbody Fusion and Stabiiaation
The mean operative time was 4 hours, 17 minutes (range, 2 hours 40 minutes to 9 hours). The mean length of stay was 5.6 days (range, 1-23 days).
intraoperative Estimated Blood Loss
The operative estimated blood loss was specific to the type of spinal procedure listed in Table 3 . The anterior thoracic releases for deformity had a mean intraopera tive blood loss of 94 cc (range, negligible to 300 cc). Thoracic discectomy and spinal canal decompression had a mean estimated blood loss of 400 cc (range, 25-2500 cc). The most extensive procedures were an terior thoracic corpectomies with bleeding from raw cancellous bone surfaces and epidural vessels, and the mean estimated blood loss was 1175 cc (range, 250-2800 cc; Figure 2 ).
The lumbar interbody BAK and fusion procedure never required a transfusion, even in a patient with an intraoperative common iliacveininjury. Aside from this patient, the majority of the operative blood lossresulted from the harvesting of bone graft from the iliac crest donor site rather than the spinal procedure. The mean laparoscopic estimated blood loss was 194 cc (range, 50-800 cc).
• Complications Vidoo-Assisted Thoracic Surgery The major complicationsare listedin Table 4 . The most common complication was six cases of postoperative intercostal neuralgia. The etiology was thought to be a combination of factors-electrocauterization of the head of rib before excision, the use of rigid 10-mm thoracoports rather than flexible intercostal portals, or compression of a spinal nerve with a Kerrison rongeur (Rock Surgical, Baltimore, MD). In six of the patients, the painandparesthesias were transient and resolved by 6 weeks after surgery.
There were five patients with postoperative ateleaasis significant enough to prolong the patient's hospitalization, and one patient had a loculated pleural effusion that resolved by 1 month after surgery.
One patient had a thoracoport penetrate the elevated right hemidiaphragm at the beginning of the operative procedure ( Figure 3 ). This was an 84-year-old woman with a previous empyema, causing extensive pleural ad hesions. The 10-mmhole in the diaphragm wassuccess fully repaired thoracoscopically with endoscopic sta ples, and there was no postoperative sequelae.
There were no permanent iatrogenic spinal neuro logicinjuries. One patient undergoing a thoracic release for scoliosis from T5 to TIG developed transient leg weakness from occult spinal stenosis at T12-L1. This fully resolved by 6 weeks after surgery. To prevent this complication, we no longer "jackknife" the patient for operative positioning. 
Laparoscopic Complications
There were no complications from pneumoperitoneum or CO2 insufflation used exclusively in laparoscopic cases (not used in thoracoscopy; Figure 4 ).
In 22 anterior lumbar laparoscopic BAK procedures, there was one with a vascular injury that occurred dur ing the operative exposure of the L5-S1 intervertebral disc space below the "crotch" of the aortic bifurcation.
It was only the second BAK implantation done at this particular institution, and the complication occurred during the use of a retractor. Pins were being embedded into the body of the L5 vertebrae to perform retraction of the posterior peritoneum and iliac vessels.
Unfortunately, during implantation of the retractor, a flange on the pin on the patient's left side impinged on the left iliac vein, causing a small tear. Hemorrhage was controlled using direct pressure using a laparoscopic instrument, and open conversion to a mini-laparotomy was performed. Simple repair of the tearwas performed t "X |V B Figure 3 . From a thoracoscopic portal In the sixth intercostal space, a hole In the right hemidiaphragm is visualized (A). The underlying liver was not injured but is visible. The diaphragm was inadvertently entered by a blunt 10-mm thoracoport placed too interiorly in resection of a T11 tumor (B). The diaphragm was repaired thoracoscopically using a hernia stapler without long-term sequelae. To prevent this complication, the first portal should be placed in the midaxillary line In the sixth or seventh intercostal space. All subsequent portals are placed under thoracoscopic visualization from within the chest cavity.
with minimal blood loss {800 cc estimated blood loss for the entire procedure). The procedure was completed through a 4-inch Pfannenstiel incision. The patient was discharged 6 days after surgery with no long-term se • Discussion
Perhaps the most important factor to minimize compli cations in endoscopic spinal surgery is to work with an experienced general surgical laparoscopic or thoraco scopic specialist.^'^'^^''® The majority of cases in this study were performed at institutions with regional teaching facilities for minimally invasive surgery. There are four factors that are different for endoscopic proce dures compared with conventional "open" procedures, which help diminish complications. Minimally invasive surgery or VATS procedures within the torso require special considerations to suc cessfully and safely perform operative procedures in either the thoracic or the abdominal cavity and in adja cent tissues. The first key element is the ability to visu alize the operative site and the areas surrounding the operative location. Visualization primarily requires a port of entry (either though the thoracic or abdominal wall), which requires a camera, a videoscope, and ap propriate light source. The second important factor is creation of a workspace to perform the operative pro cedure. The technique to produce a workspace will vary depending on whether the operative procedure is to be performed in the thoracic cavity, the mediastinum, the abdominal cavity, or the retroperitoneum. The third factor important to minimally invasiveprocedures is the use of instrumentation that will allow the surgeon to accomplishthe same technical goals as are accomplished in open surgery. The most important set of equipment in the endoscopic room is the "emergency set" of equip ment and retractors necessary if the procedure has to be converted to an open case. A fourth, and final, issue is the provision of anesthetic support to help to maintain a Figure 5 . Adhesions involving the chest wall (pleura! adhesions) (A) or the abdominal wall (peritoneal adhesions) (B) should be taken down using endoscopic techniques before placing trochars orportals in their vicinity. Endoshears are used to lyse adhesions tomobilize the underlying lung parenchyma (video-assisted thoracic surgery) or bowel (laparoscopy) to allow correct placement oftrochars without danger to underlying viscera (C). Triangulation is used to lyse adhesions overlying the T9-T10 levels.
steady state for the surgeon during the operative proce dure.
Methods to Avoid Compiications in Spinal TTioracoscopy
Complications resulting from anesthesia or one-lung ventilation are covered in full-length endoscopic text books.Failure to collapse the lung on the opera tive side usually results from improper placement of the i i Figure 6 . A schematic diagram illustrates the correct insertion of the Bagbyand Kuslich fusion cage at L5-S1. Noticethat the fusion cage can be inserted laparoscopically. The titanium cage distracts the L5-S1 intervertebral disc space, and the cancellous iliac bone graft facilitates L5-S1 fusion.
double lumen or univent tube. The position of the tube needs to be rechecked with a bronchoscope after posi tioning the patient in the lateral decubitus position. It is not uncommon for the tube to shift when the patient is being repositioned, so the ability to collapse the lung needs to be shown before trochar incisions are made.
The sixth or seventh intercostal space in the midaxillary line is the safest place for the first thoracoscopic portal. This is the only portal that is made without thoracoscopic visualization inside the chest, and, in some respects, it is the most dangerous. With the lung collapsed, the central tendon of the diaphragm can be migrate as high as the eighth intercostal space. Although the disposable thoracoscopic 12-mm portals are blunt tipped, we had a case where the initial portal penetrated the right hemidiaphragm. The underlying liver was ex posed and visible thoracoscopically. Fortunately, there was no visceral injury, and the diaphragm was success fully repaired using a laparoscopic hernia stapler. This underscores the importance of making the first thoraco scopic portal in the sixth or seventh midaxillary line. The correct technique is to enter the chest using the same gentle technique as with chest tube insertion-a blunt Kelly rides over the cephalad portion of the rib, avoiding the neurovascular bundle. The most common complication was six cases of intercostal neuralgia. It was probably attributable to rigid thoracic trochars.
The largest diameter trochar used in the chest should be 12 mm. There is only a fixed amount of intercostal space. As the surgeon levers and torques large spine instruments, it is possible to exertpressure on the inter costal nerves. Fortunately, in all of our cases, the inter costal neuralgia was transient and resolved spontane ously within 6 weeks. In thepast year, wehave switched exclusively to theEthicon flexible thoracic portals (Ethicon Endosurgery, Cincinnati, OH) to minimize the in cidence ofintercostal neuralgia. Another useful step is to avoid monopolar cautery at the inferior margin of the rib when skeletonizing the head of the rib before re moval. Electrocautery injuryto the intercostal nerve has been observed by this mechanism.
Every time the scope is placed down a portal, it must be done gently and slowly-sometimes this is difficult in a lengthy procedure when the scope is being repeatedly cleaned. TTie lung can be inadvertently reinflated, and direct injury to the lung parenchyma has been observed in laboratory training sessions.
Once the first portal is made, the 10-mm, 30®-angled scope is inserted, and subsequent portals are made un der thoracoscopic visualization inside and direct vision outside the chest. It is important to take down all ad hesions between the chest wall and the visceral pleura before inserting a portal in the area. The lung can be tented andplastered to thechest wall ( Figure 5 ). Usually endoshears can easily take down the adhesions, but with extensive pleural scaring, the adhesions can be swept away by digital sweeping movements from the portal sites.
To avoid direct lung injury, all instruments need to be visualized, but in particular fan retractors need to be visualized when they are opened and closed. A fan re tractor should never be extracted from the chest in a semi-opened position because the lung can be pinched within the fingers of the fan.
We do not use positive pressure CO2 insufflation to collapse the lung in thoracoscopy. Krasna et aF found that pressure greater than 12 mm Hg is associated with mediastinal shift and rapid changes in cardiac output. Subcutaneous emphysema is more likely to occur when trochars are dislodged or incompletely pulled out of the chest cavity. Gas embolism and subcutaneous or even mediastinal emphysema have been reported-these complications can be avoided simply by doing all tho racoscopic cases as a gas-less procedure.
Significant injuries to the aorta, superior vena cava, or pulmonary vessels will require immediate conversion to open thoracotomy for control. For this reason, all patients areprepared for thispossibility. All experienced endoscopic surgeons state that the most important sur gical instruments in the thoracoscopic operating room are those instruments that are required for open thora cotomy.
Intrathoracic breakage of instruments, such as grasp ers and pituitary rongeurs, can occur. This is more com monthan withopenthoracotomies because theworking end of the instruments are identical, but the endoscopic instruments usually have 250-300-mm shaft lengths. Thisincreases the frictional forces along theshafts as the sliding surfaces become stuck with bone fragments. Many of the disposable and semi-disposable endoscopic instruments are simply not durable enough to resect bone or disc tissue. One of our investigators had three pituitary rongeurs break within the thoracic cavity. For tunately, the retrieval of the broken hardware was able to be accomplished endoscopically, and an open con version was not required.
In As a general rule, it is important to ensure compati bility between the shafts ofthe endoscopic spinal instru ments and the laparoscopictrocars and cannulas. Unlike thoracoscopic procedures, there needs to be an airtight seal throughout the procedure or pneumoperitoneum will be lost, and visualization will be impaired. The insertion of osteotomes and sharp curettes needs to be done carefully, as we have had an osteotomecut the seal on the laparoscopic cannula. Curved curettes, inpartic ular, need to be carefully withdrawn through the trochars because they can get stuck in the flapper valve mechanism. It is important before beginning the proce dure to make sure all orthopedic spinal instruments are compatible with the laparoscopic trochars because they are usually manufactured by different companies.®'T here are several complications specific to the ante rior laparoscopic approaches to the L5-S1 intervertebral discs that are worth emphasizing ( Figure 6 ). In male patients, it is important to use bipolar electrocautery below the sacral promontory to avoid injury to the sympathetic plexus and retrograde ejaculation. Identify the peristalsis in the ureter bilaterally and confirm their location. We have seen anomalous ureters come very close to the junction of the common iliac vessels and the L5-SI intervertebral disc. (Table 5) .'^* A huge array of general surgical procedures have been described laparoscopically-appendeaomy,^^liver resection,^' Nissen fundoplication, splenectomy, selective vagotomy, nephrec- or chest tube duration.
• Conclusions
The endoscopic spinal approaches proved to be safe operative procedures in 100 consecutive cases; there were no permanent iatrogenic neurologic injuries and no deep spinal infections. One VATS procedure was converted to an open thoracotomy because of extensive pleural adhesions from a previous costotransversectomy. One laparoscopic procedure was converted to a mini-laparotomy because of a left common iliac vein injury. There were no long-term sequelae in these two procedures.
